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thf spsctral reaposae smtmm fs?on ?52 to @9© $p, and the long ssw- 

length lixrf.t firm SOP to 1200 a®**    She *-i^ «'i*fci*riiU» pa&tera !er this 

~4 €a:&li^» ashffeited tM pcwfer dtffraetio® lim® «tex*st«rist.ic of 0g«$, 

!» the p^payaiifjs of the photograph filtered copper radiation vu used 

to aweld prohibitively teat exposures.   Baa diffraction pattern for ?T >3 1. 

also   ©OKtatfaad a series of single crystal epota because of 8L sad fc 

copper rsdlaSion.   Sag aajorlty of the spots could bo definitely eeeoe- 

iated wit* Utt ps«s«ac@ of som lajrea SsgG crystalsj however# a -pair of 

spots e©«M possibly be associated ¥itb the pmseaem of soa» Cs^O caystaie. 

fa. the fabrication of fS,$3 X the cesium addition wi coatis»d to 2.11 

(Sf/0) a©2» ratio.   Se pfeeteeasiseiofi during the cesius addltios passed a 

mx$mm m% 2.0 (ga/o), the thsralonic eadaaios isaejreasfed to a ssaxisess oa 

eoolisg the eesitaa source at 2.4 (Ce/o), but further cesium addition ye~ 

suited in a rapid decfeaee in the tbsraiofflle eadeaion.   At 2.8 (Ce/o) the 

theniealc evasion had disappeared and the Fg response (1> 775 ap) ws« 

mgXis&bl0«   0a cooling the tube if. roam tejapsreture «eees cesius ma 

cAtstrved condensing os tha tab® eXsaents which cooled first.   After fabri- 

caties t^ i « -<;^ie« had a s&xliia^ at 610 s. . &ad a -OA,?; iraetelengte 

ll«4t of B&ii m*   A* fc &e tree then batori at 150*C l-.-> 2 ton sad at 130*C 

for *'»%&-     '      "*     *}   . .^ ' „.     <~    .7| »;**   <i   /   .'.  ,,.     p^y.i-riS source 

«Mek 'Ses s*Itrssir»K? at ifeee y*an JfO*C.   After sealing *» - realm source 

Off, the toibe was g&mn m vu?% «f^?J>f*5#»~ ?*»*      •>«« !•»*» **? --" v- 

.la asy significant change is the cW.actics CUTIWE* or ths photaearttaelea 

to the pravi«w VjUfe "«s».    ft 1* lBtemat!'.^  ,o mht that 
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pa&iGagossm SURFACES 

During this quarterly period the* radioactive cesius tracer gross 

composition and the x-ray diffraction phase identification studies of 

the photoc&thode have been completed• The principal results are 

suauarlted in the following section &M. a brief description of the 

exparlaents is then presented. Since detailed technical reports on 

the e&peritsestai investigations of the 8-1 surface are baisg prepared* 

no extensive discussion of the experiments is presented. 

i. vmux 

Tne  gross cossgoeition of 8-1 photocathodes prepared et 150* and 

190sg ha® been investigated using radioactive eesltm to determine the 

cesiu® concentration on the actual pbotosurfsc®, In this investigation 

the cathode consisted of a thick evaporated silver f iia (> 1000 A) on 

a glass substrate. The.  investigation has deaonstratad that the gross 

cosmos it ion of the cathode may vary widely without marked changes in 

the infrared response characteristics« For good tubes prepared at 1'90'C 

the cathode (Cs/o) mole ratio varied froa 0.8 to 1.^9j whereas for 

tubes prepared at 150*C the ratio varied froa 1.52 to 2.07. It was 

observed that the silver f iia thickness and the speed of evaporation 

affect the characteristics of the oxidation process as well as the 

characteristics of the final cathode. In addition* it appears that 

there is a transport of oxygen (as a cesium oxide> probably) if axcese 

cesium is introduced into the tube. 



SM x-rsy diffraction phase identification experiments have demon- 

strated that the only cesium oxide detectable in a bi^b sensitivity 

good Infrared, response surface is C»pO. Cathodes containing eeslua in 

excess of C»«0 (namtly gs^o) do E6t exhibit good infrared response 

characteristics. It has? alao bean demonstrated that Infrar«d aanaltiva 

surfaces any be prepared at lJQ'C which contain unreseted silver oxides 

and uhlan aye stable at room teeperatur® for at least several weeks. 

Baring the preparation of the x-ray gsaj^i® tubes evidence was ob- 

tained #iioh indicates that in the reaction of cesium with the photo- 

cathode practically every collision results in chemical reaction. 

ConsequentAy the tube geometry miy exert a profound influence on the 

thermionic and photoelectric eharacterlaties as a function of the tiase 

of cesium addition mA the corresponding gross (Ca/o) KSI® ratio for the 

tubs. 

la the preparation of the Massive cathode tub® it la frequently 

necessary to repeatedly oxidise and heat-treat the cathode to obtain 

a surface which oxidizes uniformly during the glow discharge. It h&® 

been observed that aasslve silver sheet which has been well rinsed 

vith distilled water Just prior to sealing the tube to the vacuum 

system consistently oxidizes uniformly during the first glow-discharge 

oxidation. It spps&rs that ths white depoilt frequently formed during 

the sealing-off of the end of the pyrex envelope is not completely re* 

spved during outgasaing and that this substance does interfere with 

the oxidation of the silver. 



s.  esses® esssfeerrxoi or TOE VBQROCAE&HHE 

AB investigation hat been perforssd is «taieh tfee gross Cs/O mole 

ratio of the photocatnodes formed under different tsperlmsatal ceaaitiGas 

ma determined, fiiis s tally was performed sir reacting cesium containing 

• known amesr'; of radioactive Gex*   with a knows &®ousi of oxygen depos- 

ited by a high voltage glow discharge en an evaporated sliver film, fhe 

actual tube construction and fabrication procedure have bees described 

in previous report®. After phototube processing was cospletad sad the 

spectral response characteristics determined, the tube envelope was 

opened* and the cathode removed'. She concentration of cesium on the 

cathode was determined tj counting the radioactive cesium with a Geiger 

coaster and cellaring tills result to that obtained with a set of stand* 

sari, staples containing kaews assouats of the origi&al tracer osmium 

aixtore* Fro* the total cesium thus i®terela®d &M the ka@*a amount of 

©sygea deposited, the gross (Cs/O) aele rttie for the smtbMs «as 

computed. This ratio is referred to as the (Cs/o) count mole ratio. 

Since the cesium mMttlon to the tub® was controlled by a e&pili&r?'' of 

known dissensions, it was else possible to compute a gross (£g/0] ?s:;l& 

ratio bas*d on the cesium flow rat* through the capillary, Shis ratio 

differs froa the count ratio because of the reaction of ceslusa with 

tube elesesis ssd the gliss envelops, as well as the reaction «t the 

cathode discusssd later. 

In the tubes prepared earlier at 190*C using an evaporated silver 
• 

f il« substrate it was not reedily possible to obtain cathodes -#hich vere 

easily oxidised, or which developed the desired infrared response during 



the reaction with cesium. The cathodes «ere characterised by the 

absence of significant thermionic ewdssion during cesium addition 

and final photoreeponses with long wavelength limits of less than 

1000 m.   After considerable experimentation, it •smu found that 

good cathodes could be produced consistently hj using a thicker 

evaporated silver film or by using a very slowly evaporated film. 

Thee© results clearly demaastreted that the thickness and the speed 

of evaporation of the silver affected the characteristics of both 

the oxidation process and the photoelectric properties of the final 

surface. 

The composition and photoelectric data for the radioactive cesium 

tubes which have been prepared, at 150* sad 190*C are briefly summrised 

in Table I. It is evident from the data that the gross eotapositloa of 

a good cathode nay vary widely (0,8 to IA9 (Cs/0) count for 190*C 

tubes) without marked changes in the photoresponse. The infrared 

sensitive 190*C tubes were prepared by discontinuing the cesium 

addition shortly beyond the aaximum thermionic emission. It was not 

possible with the limited data to correlate directly the photoelectric 

characteristic© with the gross composition data. 

During the preparation of 190'C cathodes the surprising result 

was obtained that the (Cs/0) count mole ratio decreased when excess 

cesium was introduced into the tube, (gee also Progress Report So. 7) 

This ia illustrated in Fig. 1  where the (Cs/o) count ratio is plotted 

as a function of the (Cs/o) flow ratio. This result indicates that 

there is a transport of oxygen from the cathode at 190*0 if excess 



TABX3 I.    RADIOACTIVE C«* TOH8 

fuse Temp. 
(Cs/O) 
Flow 

(Cs/O) 
Count 

g. Atos 
of ,- 

0 x 10° 

long 
limit/ 

Hue. P. 1. 

fllu,, „J«fcJL ,  
659-16 190 10,71 0.28 1.27 

659-19 19C 2.65 0.7^ 0.75 860 500 

659-28 190 2.23 1.01 3.10 1350 920 

659-33 190 5^5 2.10 2.J+2 .- »«» 

659-42 190 7.80 0.79 1.32 850 615 

659~k6 190 8.1+9 0-57 1.26 95c 630 

1568-111 190 1.57 0.80 1.06 .. 370 

1588-122 190 c * 1 ^ 1.49 1.37 135c 950 

1508-130 190 2.51 0.80 0  A7 1230 920 

1588-137 190 2.59 1.23 1.83 1 OCA 935 

1588-1U5 190 7.91 0.57 1   ^ 3 -« .. 

1588-165 150 k.31 2.07 3.82 1250 910 

1588-180 150 2.98 1.52 3.27 1300 870 

1588-186 150 4.95 1.^1 2»08 1150 875 

1588-192 150 7.^68 1.991 0.86 1300 930 

1588-198 150 5.06 1.577 1.73 1350 930 

1588-200 150 11.0 1.268 1.198 120C 875 
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etsius is introduced, the loss of oxygen could not be related to toe - 

total oxygen content of the cathode* the tine required for cesium addi- 

tion, mr the oxidation characteristic* of the silver < It appears 

probable that the loef of oxygen involve* the transport of m  ee^ius 

oxide (possibly Cs?0) through tbe gaieou® phase. 

In the a&s© of tubes fabricated at 150*C there doss not &pg*mr to 

'be any close correlation between tha (0s/0) count sad (Cs/O) flow sole 

ratios a* shows in Fig. 1. She good Infrared sensitive 150*c esthed#» 

appear to have a significantly higher (Sa/G) count ratio than the 190*0 

tubes* At 15©s0 the eeeiuta exid®^ CSaOj ess be formed as a stable solid 

phase. Conoeo.uently it is surprising that it was not readily possible 

to prepare cathodes with a (Cs/o) conat sele rail© significantly greater 

than 2.0. St appears that solid &§j0 suet be volatile, 

2. PEftgi XBBRZnCAflOW 

She identification of the principal components of the photoaurfaee 

has been accomplished by an x-ray diffraction study of the powder ob- 

tained by scraping the photosurface. In this process the massive cathode 

tube design was modified ia that a pyrex x-ray saaple capillary tube was 

sealed to t'ie end of the phototube,  and a small razor blade was introduced 

into the tr..->e. After the tube preparation was completed, the rasor blade 

(manipulated with a permanent magnet) was used to scrape off a sample of 

the photosorf ace. The scrapings watt slm&en into the attached capillary. 

She phototube was then mounted in a suitable holder find an x-ray photo- 

graph of the powder sample vej? prepared. By this procedure it was possible 

to minimise the contamination of the sample with foreign material* and 



to use the spectral response as a quality control. 

5efor<§ describing the results ^hich l»vs bees obtained, it Is im- 

portant te not* the I*.*! tat Ion* ©f the proee&ure., la the serapisg of 

the p«-*&*r gaspls significant quantities of silver are necessarily intro- 

duce into the saagple. ..la- a result the diffraction patterns of the oxide 

phases are weak relative to that of the silver sad therafewe oaly com- 

©seats at sppreeiabit! concentrations {>**51&) are readily detected •> 

A <i«ri*s of six x-ray sajsple phototubes have been pnspaxisS, as shovn 

in table XI. feo tubes Ff *2 I and FJ 55 X wrs fabricated at 19O0C. 

la the preparation of IT 1*2 X the eesiu® sours© was cooled at the 

thermionic emission mxiBiiiy sn& the tub© was cooled after the second 

wjrisum -mm  jassed. In the ease of ft 55 X the eesius addition was 

.continued until the stable 19QSS thereionic emission surface with eesiua 

/source eo©l ms obtained. After fabrication both tubes were given a 

130*6 base-. the other tubes were fabricated at 150*0 in *a effort to 

clarify the reason for the difference in the emission behavior duriag 

fabrication at 150 and 190'C. It has been observed that when the eegiuia 

source at (Ss/o) sole ratios of 1.0 is cooled> the thermionic emission 

increases to a stable value for tubes fabricated at 150*C but decreases 

rapidly to a lov value for tubes fabricated at 190*C In addition 

several tubes have been prepared at 150*C in which good infrared sensi- 

tive surfaces have been obtained at gross tube composition mole ratios 

between 2.0 and 3*0 (Os/o). Shis result suggested that either 08-,O could 

contribute to the infrared photoejaission or that a cesium sink other 

than the photoaurfae© existed in the tube, 

5 
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9M x-ray diffraction study ef the g©od lnfrer«s& cathodes prepared 

at 190*3 dsjswatrmtad that the -principal ceslua oxide present w«* CigO, 

£oml&-i>>rliig the isroe^ss of the A^j&lopssnt of photosmission nod thenai- 

oaie emission at I90*C.3 the re-suits ;la&ie»t€ that the infrared photo. 

emitter is crystalline CegO. 

In the preparation of FT 59 x sad Ff 65 X at 150*0, the cesium 

addition vua discontinued at 1.0 (Cs/o)« At this stag© the top half of 

the aatho&e exhibited the color c the original silver ©ad.de, whereas 

tfe@ bottom half afgs&red to have reacted with eeeiua to form a dark 

blaefc to grey surface. She phet«rsap©«we of the top half of the cathode 

was considerably less than the bottom 'but with only minor differences in 

the wavelength characteristics of the spectral response curves. Both 

sections of the tube exhibited infrared sensitiveity. It did not prove 

feasible to prepare x-ray photographs of staples from the two sones. 

She x*ray diffraction pattern prepared froa the Pf 59 X sample exhibited 

the strong lines elsarscterigtie of glow-discharge oxidized, silver, and 

possibly the strongest line of 0s2Og. The sample from FT 65 X consisted 

priaarlly of silver, She actual oxide concentration in the sample was 

too low to be detected. 

The retults en the 1.0 (Cs/o) tubes clearly demonstrate that at 

150*0 an infrared sensitive surface way be formed with excess silver 

oxide present. It appears probable that the difference in tube fabri- 

cation characteristics for 150* and i9C*w at 1.0 Cs/0 is related to the 

rat® of decomposition of unreacted silver oxide- It is possible that at 

190*6 the stable thermionic emitting surface is not formed until the 

10 
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• »ilw ©xid« Mrs been ?M.ue®4 sad an approxismtioa to phase equilib- 

rium @^tat!ii»&®i* 

the tve-aoae »psssSi*«,.s*s@ of the 1.0 (Cs/o) tubes is undoubtedly re~ 

latsd to tti® wX^aliur beam effact associated with Mounting tbe susium 

eatr&nee tab* at the base. In the COOTS* of tat preparation of other 

x-rmy sa^ie tutes*^ it has beta observed that duriag essius addition 

tbe boundary slowly iweeps tbe cathode fees from bottom to top. Is 

addition,, the very rapid decrease la tbe thermionic HtnUfi as*ocist®d 

with excess cesium does not occur until the cathode has been covered by 

the reaction region., this behavior is understandable if it is assumed 

that practically m^rj cesium collision with the aurface raiults la 

reaction, and therefor® the tube geometry is critically involved is the 

distribution of cesium on the cathode. It is to be noted that rate of •  C- 
W:: decomposition of the glow discharge silver j&fam at 190*6 is meesureeblej 

however, the rate is sufficiently slow that an appreciable fraction of 

the oxygen is net lost during the fabrleaton of a passive cathode tube 

at 190°C. It would appear probable that the rate of decomposition at 

1§0*C would be negligible with respect to the processir<j time involved. 

Two excess cesium cathodes Pf 58 X and Ff 63 X were prepared at 150*0. 

In the case of W 58 X the cesium addition was discontinued at 2»k 

(Cs/OJ when the infrared response (A> 775 m) became negligible com- 

pared to the white light response. Cooling the cesium source did not 

produce a marked change in the thermionic emission, After Bailing the 

cesium source, the tube w*s baked for two hours At I$(TS during which 

time appreciable thermionic emission waa developed. The ba&e changed 

11 



%hA atp®tz%T%l r«pois»# fflBsdanas fro® 752 t© 6f0 a^.* «*4, the long wave- 

length lis&t f?«» 8O0 to 1200 ityt, She x«ragr diffraction pattern far 

tale e&iho&a exhibited th« powder diffraction lines chareoterietie of 

StgQ. Is tin iprei*?s,tio$i etf the photographs uofiltered copper rmdi* 

stion. m« aged to avoid prohibitively long expo*ur®s. 13&§ diffraction 

pattern for if 53 X *i*« sostaised a. series of single crystal spot© 

booftttM af 1^ and & copper yodtattoii. !&® Majority of the spots could 

fee definitely ®#*esiatt4 vita tat p?«s«soe# of eoaa large Qsrp crystals 1 

bowerer, a ptir of spots could possibly be associated vitti the presence 

of s©ise Cs-iO crystals - 

In the fs'ferietrtism of f5 63 1 tha c®»i«a addition ws* continued to 

8.8 (Ca/0) asle ratio* the photoenlssion during the cesium addition 

paeeed a »sits at 8.0 (Ca/0), the tnermteaie s*a&eeion increased to a 

sodsaa o& coellsg the easim* soures at 2A (CSs/o), but fisrther cesium 

•Atiiion resulted is a rapid ojecrease in the thersionic esslesion. At 

2.8 (Cs/O) tha thermionic emission had disappeared and the F* response 

(^ > 775 m) to room temperature excess cesium was observed condensing 

on the tuba elements which eoolad first, iftar fabrication tha photo- 

response had a Maximum at 6*0 m  and a long wavelength Unit of 800 m, 

tha tuba was than baked at 150*0 for 2 hours and at 130*C for 3.5 hours 

to distil some of the cesium excess into the cesium source which was 

Maintained at lass than $0*C. After sealing the cesium source off, 

the tube was given a 1^0*0 equilibrating bake. Shis bake did net result 

in any significant change in the ooaductlon current or the photoemls-sion 

as compared to the prerlsu® 1S0*C ba&e. It is interesting to note that 

12 



the conduction c&rresai deceases with decreasing temperature and thus 

the leah&ge current is not dus to ttRtsllic conduct ion. After the bake 

the spec-tarsi rospona* ssteLsas was observed at 650 %, aad the Iwag wave 

length Halt at 610 a$A* the x-ray photograph for this cathode clearly 

desaejastratsd the presence of large single crystals of Qs^O and randomly 

oriented email crystals of CsgQ. Shu® a satiao&e definitely containing 

C®3© does sot hav@ g©od infrared response ch&r&eteristisi&s 

Sharing the marly stages in the preparation of the cathodes for x-ray 

diffraction st«Ai@«» It- via observed that in ®©«e -tube® it wm® very 

difficult to obtain & onifora glov>diecharge oxidation of the cathode. 
• 

It was frequently necessary to oxidise and heat-treat the cathode 3 or 

k tines before a uniform oxidation vm  obtained. In addition it was 

frequently observed that a very thin hasy white deposit forms in the tube 

envelope when the end of the pyrex envelope is sealed off. During the 

initial out-gassing of the tube, the white film was transferred to the 

cooler portions of the vacuum system. It has been established that the 

white substance is water soluble and if the interior of the tube is 

carefully rinsed with distilled water Just prior to nountlng on the 

vacuum system the oxidation of the cathode consistently proceeds uniform- 

ly over the entire surface. Thus it would appear that the white substance 

is not completely removed during the out-gassing and can affect the oxi- 

dation characteristics of the silver. 

13 



4® sssstioaed la tfee laat progress report, sl®«str«& density eal- 

eulatiooa are being sad* for m® €r*g© crystal. Hi* first e*lcaLatioM 

hava bean ce^letad during the quarter. 4® the result of these com- 

putations AS wrrs- is a. parameter has been found vhich is of consider- 

able iaf&orti&ase a She structure may be roughly visualised as sad® up 

stf parallel pl&aes of e*n«S.«s§ ion® <siiich art set quite equally spaced. 

S.® distance betwsea ©aa gals* of layers is somewhat smeller ttea 

between an a&Jaceat fair and tla@*@ repeat alt^rsatssly throughout the 

struct wire. Oxyg«s lie® between <m» pair ©f cesium plaaaa but no 

exyges is betwea the eta^r pair. Because of the low scatter lag j-o^rgr 

of oxygen, compared to cesium, it is difficult to decide vhieh of the 

two alternate positions it occupies, She liae sections have show, that 

the oxygea positioa is the opposite of that vhieh has previously been 

assumed, fhis chaaged position leads to better agreement between 

observed and calculated scattering factors. The change does, however, 

require new electron density calculation* which have also beea com- 

pleted. Preparation of a final report on the structure is planned for 

the near future. 

The sBsasurament of Magnetic susceptibility aad electrical conduc- 

tivity for Cte-aO is uaderway. These wraeuremeats wi.H be completed 

before ths preparation of the final report on the structure of this 

crystal. Ska structure determination on CS3O is complete. 

Ik 
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